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• Only pure rotational spectra published so far, no high-resolution IR spectra 
yet available
• Coupled cluster based composite method for potential energy functions, 
electronic structure calculations carried out with MOLPRO 2012.1 (including 
Kallay‘s MRCC) and CFOUR V1.0
• Variational calculations with Sebald‘s program for CN− and HCC− 
isotopologues
• C3N
− so far treated by second-order perturbation theory in normal coordinate 
space (VPT2), restricted to composite cubic force field
a Not yet definitively found in the interstellar medium or circumstellar envelopes
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12C14N− 12C16O
Contribution Re / Å ωe / cm
-1 Re / Å ωe / cm
-1
F12bs 1.17980 2067.0 1.13033 2166.0
CV −0.00281 +10.5 −0.00246 +10.0
SR −0.00018 −0.6 −0.00018 −0.9
(Q)−(T) +0.00093 −9.4 +0.00078 −8.8
Q−(Q) −0.00028 +3.6 −0.00019 +2.6
P−Q +0.00017 −2.0 +0.00003 ±0.0
S−P +0.00001 −0.3 ±0.00000 ±0.0
DBOC +0.00002 ±0.0 ±0.00000 ±0.0
Composite 1.17766 2068.8 1.12831 2168.9
experimental 1.12832 2169.8
Feller et al. (2014) 1.1282 2168.8
a
a Explicitly correlated coupled cluster theory, method fc-CCSD(T*)-F12b 
with aug-cc-pV5Z basis (AV5Z in short)
innershell corr.
scalar relativity
higher order
correlation
Significance of smaller contributions for CN− and benchmark CO
Predicted spectroscopic parameters (in cm-1) for CN−
State Gv Bv 10
6Dv 10
12Hv
v = 0 1031.42 1.87256
(1.87239)
6.220
(6.219)
7.42
(8.04)
v = 1 2043.79 1.85578 6.222 7.23
v = 2 4062.54 1.83898 6.225 7.05
v = 3 6056.35 1.82215 6.229 6.85
v = 4 8025.01 1.80530 6.233 6.65
b Experimental values in parentheses (Amano, 2008)
b b c
c Theoretical value by Botschwina (1985)
Results of rovibrational calculations for CN−
• Results for fundamental band should be of help to high-resolution 
IR spectroscopy
a Gv for vibrational ground state corresponds to zero-point energy
a
Predicted high-resolution IR spectrum of CN−
Contribution r
e
(CH) / Å R
e
(CC) / Å
F12bs 1.07072 1.24897
CV −0.00162 −0.00338
SR −0.00011 −0.00019
(Q)−(T) +0.00011 +0.00084
Q−(Q) −0.00008 −0.00022
P−Q +0.00004 +0.00018
DBOC +0.00011 +0.00001
Composite 1.06917 1.24621
Mladenović et al. (1998) 1.0689(3) 1.2464(2)
Huang & Lee (2009) 1.06745 1.24702
Accurate equilibrium structure for HCC−
• Present equilibrium structure is in complete agreement with our previous 
predictions, obtained by all-electron CCSD(T) + empirical corrections
• Structure of Huang and Lee is less accurate than claimed. Their approximate 
treatment of higher-order correlation has no solid theoretical foundation.
Predicted spectroscopic parameters (in cm-1) for HCC− and DCC− a
Isotopologue State Gv Bv 10
6Dv 10
12Hv
HCC− (0,00,0) 3077.87 1.38900
(1.38894)
3.232
(3.232)
4.2
(4.3)
(0,11,0)e 508.59 1.38910 3.251 3.5
(0,11,0)f 508.60 1.39772 3.408 6.9
(0,00,1) 1805.41 1.37867 3.238 3.9
(1,00,0) 3209.33 1.37901 3.209 4.2
DCC− (0,00,0) 2536.99 1.14871 2.134 3.8
(0,11,0)e 404.26 1.15069 2.174 3.8
(0,11,0)f 404.26 1.15804 2.322 7.7
(0,00,1) 1709.47 1.14163 2.135 3.7
(1,00,0) 2476.89 1.13922 2.232 15.8
a Experimental values in parentheses (Bruenken et al., 2007; Amano, 2008)
Results of rovibrational calculations for HCC− and DCC−
c Earlier theoretical value (Sebald and Botschwina, unpublished)
c
b Gv for vibrational ground state corresponds to zero-point energy
b
Electric dipole moment function (EDMF) for HCC−
Predicted high-resolution IR spectra for HCC− and DCC− fundamentals
Weaker fundamental band of HCC− and DCC−
• rotational spectrum detected by MW spectroscopy and radio astronomy 
(Thaddeus et al. 2008)
• best previous theoretical results (Kołos et al. 2008)
New cubic force field by composite method
(F12bs / AV5Z + CV / ACV5Z + SR / AVQZ(-DK) + (Q)-(T) / VTZ + Q-(Q) / VDZ)
Equilibrium structure (in Å)
CC C N
1.25149 1.171171.36656
−
Be = 4853.34 MHz De = 632.8 Hz
The interstellar anion C3N
−
composite
Kołos et al. 2008
(corrected)
1.2517 1.17141.3662
Some spectroscopic parameters for C3N
−
Parameter previousb F12bs composite
α1 (MHz) 25.212 25.203 25.386
α2 (MHz) 19.081 19.130 19.189
α3 (MHz) 11.893 11.897 11.928
α4 (MHz) −8.445 −8.424 −8.313
α5 (MHz) −19.042 −19.058 −18.753
ΔB0 (MHz) 0.606 0.634 1.185
Be (MHz) 4853.4 4831.6 4853.34
B0 (MHz) 4852.8 4831.0 4852.15
exp.a 4851.62
a P. Thaddeus et al., Astrophys. J. 677, 1132 (2008).
b R. Kołos, M. Gronowski, P. Botschwina, J. Chem. Phys. 128, 154305 (2008).
fc-CCSD(T) / aug-cc-VQZ + corrected Be
• Composite B0 within 0.01% of experiment
Conclusions and outlook
• Prediction of high-resolution IR spectra of CN− and HCC− isotopologues 
with an accuracy of ca. 1 cm−1 in the band centers
• Ground-state rotational constants are calculated with an accuracy of 0.01% 
(CN−), 0.004% (HCC−) and 0.01% (C3N
−)
• Forthcoming work devoted to six-dimensional treatment of C3N
− (variational 
and VPT2)
Comparison of bending potentials and ratios fD = D0 / De
